The paper examines the process of heat exchange of soil mass with a gas pipeline and mathematical modeling. It involves seasonal changes in heat exchange conditions on the surface as well as cyclical changes in the temperature of the transported gas. The mathematical formulation for dynamics of two-dimensional temperature field in soil mass is made based on general formulation of Stefan problems. The process of heat exchange of soils mass with a gas pipeline and outside ambient air is described by the differential heat equation that describes the distribution of heat in water-saturated soil and takes into account "water-ice" phase transition. Based on the results of the computational experiment, melting and freezing halos and soil base temperature in the selected section of the gas pipeline were determined. These values are necessary to determine deformations of soil base, which characterize its spatial stability and strength to precipitate or ascent phenomena. The paper provides measures for engineering protection of the pipeline.
INTRODUCTION
The purpose of thermal calculation is to determine temperature field of soil mass around the recessed main gas pipeline, study the effect of its thermal insulation on formation of soil temperature field and determine time formation of the limiting radius for soil thawing around a gas pipeline. The process of heat exchange of soils mass with a gas pipeline is studied with seasonal changes in heat exchange conditions on the day surface (temperature and velocity of atmospheric air, the impact of total solar radiation and surface albedo, the effect of thickness and thermal properties of snow cover) as well as cyclical changes in the temperature of transported gas. The temperature of transported gas that corresponds to the selected section of a pipeline is based on pipeline thermal calculations. Variable temperatures are due to the increase in gas supply to the gas pipeline at different periods of its operation. The research method is mathematical modeling.
Based on the results of the computational experiment, melting and freezing halos and temperature of base soils in the selected section of the gas pipeline were determined. These values are necessary to determine deformations of soil base, which characterize its spatial stability and strength to the phenomena of precipitation or ascent, and the adoption of technical solutions (types of laying the main gas pipeline), ensuring its reliability during operation. The paper provides measures for engineering protection of the pipeline.
Territory development violates the natural process of heat exchange of permafrost soils with the atmosphere. Height and density of snow cover are changing, composition and continuity of vegetation cover, hydrogeological regime of soils; moistening and drying of the earth's surface occurs, etc. It leads to changes in temperature regime, dynamics and depth of seasonal and long-term thawing and freezing of soils, development intensity of cryogenic processes and phenomena that adversely affect pipelines and other structures [1] .
It is necessary to know engineering and geocryological conditions of the territory in a natural setting and their changes in the process of territory development when designing, building and operating various structures erected on permafrost soils. These changes are of particular importance due to the need to develop special engineering measures to ensure the frozen state of icy soil, which is a determining factor in the first construction principle (with preservation of frozen rocks), and hence structure stability [1, 2] .
The paper [3] shows that the temperature of soil surface is always slightly higher than the air temperature in natural conditions: in winter due to snow cover, which reduces effective radiation of the surface, in summer due to intense heating of soil surface with direct and diffused solar radiation. The surface temperature is close to the air temperature only in spring and autumn. An increase in surface albedo leads to a slight decrease in surface temperature in summer.
Study a gas pipeline section that is characterized by high humidity (ice content) of loose soils, mainly sandy composition with high content of crushed stone or gravel up to 4 m thick, high compressibility during thawing and increased depth of abyss. Processes of icing are very common in these areas.
II. METHODS AND MATERIALS
A mathematical problem formulation for dynamics of twodimensional temperature field in soil mass is based on general formulation of Stefan problems. Heat exchange process of soils mass with a gas pipeline and outside ambient air is described by the differential heat equation that describes the distribution of heat in water-saturated soil with "water-ice" phase transition. Heat conduction problem with phase transition is formulated as an ordinary boundary value problem for the quasilinear parabolic equation with discontinuous coefficients [4] [5] [6] [7] [8] . The developed mathematical model of two-dimensional section of soils mass is taken into account: changes in temperature of the atmospheric air and transported gas over time, effects of total solar radiation and daytime surface albedo, changes in thickness and thermophysical properties of snow cover and change in heat transfer coefficient from the atmospheric air which depend on wind speed. The problem is solved with the method of finite differences and a longitudinal-transverse scheme (total approximation) [9] . In this case, the original twodimensional equation is split into equations with weights, which are solved with the method of end-to-end counting with smoothed functions of thermal conductivity and volumetric heat capacity. Thus, effective calculation of a two-dimensional problem is based on the method of splitting by spatial coordinates using variable direction scheme [10, 11] and implicit methods based on sweeping algorithms to ensure stability of resulting one-dimensional problems.
III. RESULTS
When calculating thawing halos for the plot, the initial data given in Table 2 were used. 1-5. The initial temperature field and phase state of soil mass is made on the basis of the analysis of engineering geological surveys (thermo-logging data), and adaptation results of heat exchange conditions on the ground surface in undisturbed conditions. The averaged values of thermophysical properties of geological section soil are given in Table 1 . Thermometry data according to the thermal well certificate (table 2) are taken as initial temperature distribution of soil mass (in the middle of December). Heat exchange conditions with the environment used in calculations are given in Table. 3. There are monthly average values of the air temperature, wind speed, total solar radiation and surface albedo are taken from the weather station of Olekminsk (Sakha Republic (Yakutia)) and adapted to the geocryological engineering conditions for this well. The values of these variables between months are approximated by a linear dependence. The temperature of transported gas that corresponds to this section of the pipeline, taken on the basis of thermal calculations of the pipeline and are given in Table. 4. Table 5 shows decadal average data of thickness and density of snow cover. Heat transfer coefficients for transported gas are assumed to be: for a gas pipeline without heat insulation -300 W/(m2С); for a gas pipeline with thermal insulation and thickness of 100 mm -0.29 W/(m2С); for a gas pipeline with thermal insulation and thickness of 200 mm -0.145 W/(m2С). When there is no snow cover, effective radiation from the earth surface increases and the intensity of heat exchange with cold air outside increases, since snow cover in October-February prevents the penetration of cold air into the mass, and in March-April -the removal of cold air from the ground.
In temperature field calculations and defrosting bowl, the following options were considered: 1) without thermal insulation;
2) ring insulation on a gas pipeline (DN1400) with thickness of 100 mm; In fig. 2-7 temperatures fields are presented that correspond to time point -mid-October. In all figures the semicircle shows the location of the gas pipeline at the depth of soil mass -from 1 m to 2.4 m. The front of phase transition with temperature of -0.15 °С for short times of gas pipeline operation (up to 10 years) practically coincides with zero isotherms.
Defrosting values under the pipeline in its basis are summarized in Table 6 . Options with different thickness of insulation were studied. According to numerical calculations, we can draw the following conclusions.
The plot is marshy and highly winding. At the same time, bedrock -gneiss (3.5-15 m) is considered incompressible ( 
IV. CONCLUSION
Based on numerical calculations performed, it is recommended to consider the following factors when designing a deep pipeline:
 as the most unfavorable option to calculate the foundation, the greatest depth of thawing under the gas pipeline should be considered;
 at a gas pipeline laying depth of 1 m, due to cyclic change in external impact on the day surface, the speed of movement of the phase front is lower. Thus, formation time of the maximum radius of thawing of soils around the gas pipeline will be longer.
To ensure pipeline sustainability, the following measures are proposed for its engineering protection:
 thermal insulation of the pipeline, bottom and walls of the trench with thickness of effective insulation layer of 200 mm, which ensures a sharp decrease in the depth of thawing of soils at the base of the gas outlet;
 trenching is carried out under the pipeline to water seal, i.e. up to the top of rocky soil. Trench is filled with nonrocky soil (sand-gravel or coarse sand) throughout its depth. To relieve cryogenic pressure in case of a breakthrough of groundwater from the water-saturated array surrounding the trench, tubular filters in the form of perforated pipes up to 219 mm in diameter are laid over the entire depth of the trench (filter installation step is about 6 m). 
